Over the recent decades, there has been an explosive growth in China's urban buildings and related energy consumption. Great efforts have been done to transform the urban buildings into more sustainable paradigms. The aim of this work is to better understand the ongoing energy transition in China. Through a research based on qualitative data analysis, this work provides insights into the transition of China's urban buildings towards deep decarbonization, decentralization and digitalization. This work also furnishes a discussion of the energy system configuration of the transitioning urban buildings.
Introduction
In China, the urban buildings, compared to rural buildings, are usually characterized by higher energy demand due to the land pressure of urban area, and of more functions to provide citizens accommodation, working and entertainment space [1] .
Due to the rapid progresses of urbanization and people living standards, China has seen an explosive increase in urban buildings over the decades. The building floor area is increasing with a roughly growth rate of 2 billion m 2 annually [2] . About 30 billion m 2 are planned to be built in the second decade this century and 13 billion m 2 of it will be built in cities [3] . The urban buildings have become one of the largest energy consumers in urban energy system, and have been exerting increasing pressure on the environment and ecosystem.
Currently, China is at a critical stage to transform the urban buildings into a more sustainable paradigm. However, there is currently no surefire prescription for establishing the sustainable paradigms. Although many developed countries have made great progresses, it might be difficult to copy their successful experience to China, since these counties usually have smaller building density and more availability of renewable energy per square meter floor area [4] . The energy transition of urban buildings requires considerations on various aspects including social and political factors, which make the cases in different countries and districts quite unique.
The aim of this work is to better understand the ongoing energy transition in China's urban building sector, to summarize the trends and to analyze the characteristics based on China's contemporary social, political and energy systems. The work tries to answer the following research questions: Q1: What are the trends during the advancement of energy transition in China's urban building sector? Q2: What are the current situations of the ongoing energy transition of urban buildings?
Q3: What components are identified important for the transitioning urban building energy system?
Methodology
The work adopted qualitative data analysis to systematize the ongoing energy transition of urban buildings in China. Qualitative data analysis, focusing on a wide range of media, is inductive and deductive, highly systematic, and starts with an initial framework [5] . In this work, the design of the analysis was based on grounded theory [6, 7] , with three steps given below: S1: Data collection; S2: Theoretical framework establishment; S3: Framework-based analysis.
According to the proposed research questions, the data, including political regulations, related social and city system developments, was organized, and throughout the process the data was keep supplemented to support the analysis. Based on conceptualization of the collected raw data, the theoretical framework was defined to answer the question proposed as Q1. Subsequently, the collected data was sorted and a descriptive analysis was conducted employing the framework, aiming at answering the question proposed as Q2. At last, in the discussion section, the energy system configuration of transitioning urban buildings was analyzed based on the results emerging from the qualitative data analysis, answering the question proposed as Q3. Data collection is the primary step to understand the ongoing transition and also recurring along with the theoretical framework emergence and analysis. In this work, the raw data includes different types of materials from both academic and empirical world, which are listed in Table 1 .
Qualitative data analysis

Data collection
The collection of data goes through the following steps: S1: To improve the knowledge structure formalized in the engagement of urban building energy transition research, to capture all the potentially relevant aspects to the topic as soon as the data is perceived.
S2: To gather relevant documents from the aforementioned sources in Table 1 regarding the urban building energy transition in China;
S3: To improve knowledge reserve regarding the aspects of institutional organization, public policy, professional organization and public behavior, which are proposed as four domains for benchmarking building transition by [8] .
Theoretical framework
There are many different descriptions of the aim of urban building energy transition in the materials. By the meanings and focuses, the conceptions are classified as three types.
Energy efficient building: in some cases is also called passive building, low-energy building etc. By employing energy conservation approaches, the building energy efficiency is improved to reduce the primary energy consumption and carbon emission to the environment.
Zero energy building: in this work is used to represent a series of conceptions including zero energy/carbon building, net zero energy/carbon building and nearly zero energy/carbon building, the differences between the conceptions could be find in [9] . The zero energy buildings focus on establish balance between energy consumption and on-site renewable generation. The buildings, usually integrated with renewable energy source based energy systems, produce at least as much carbon-free energy as the total energy they consume [10] .
Smart building: represents the conceptions including intelligent building, grid-responsive building etc. The smart buildings are capable of automatically optimal energy management, and usually be able to exchange information with the outer energy system.
By the three conceptions, the trends of the ongoing energy transition emerge as decarbonization (reducing energy demand per unit floor area and improving the proportion of the renewable energy supply), decentralization (integration of distributed energy supplying system and distributed energy control and management system) and digitalization (improving the accesses to urban building energy usage and data availability and enhancing intelligence of energy management).
Framework-based analysis
The decarbonization of urban buildings is proposed firstly to meet the ever-increasing building energy consumption. Later, decarbonization in urban built environment is identified as of significant importance to deliver the emission-reduction commitment in China's intended nationally determined contribution for UNFCCC [11] . Another driver is the development of sustainable cities, which requiries more energy-efficient buildings. The decarbonization approaches include energy conservation approaches and adoption of renewable energy sources, aiming to reduce energy consumed per floor area and leave minimum amount of energy demand to be covered by on-site renewable energy [12] . Energy conservation approaches involve the improvement of building envelope and components. In 1986, China issued the first national building energy-efficiency standard JGJ 26-86. Since JGJ 26-86, the government has published a series of building energy-efficiency standards to mandatorily advance urban building energy conservation and encourage integration of renewable energy sources, applying different specifications to buildings in different climate zones in China. By 2017, the proportion of new-built compliant urban buildings has come close to 100%. The most widely adopted renewable energy sources in urban buildings in China are solar energy and geothermal energy.
The building integration of solar energy and geothermal energy benefits from the national strategic development plans for renewable energy. Since the 12th Five-Year Plan period, the decentralization development of renewable energy has been highlighted, and the building integrated application has been vigorously promoted. The solar energy systems have a long history in China, especially the solar water heaters [13] . In recent years, the applications of solar PV system on building roof get popular in urban areas, especially in large commercial, office and factory buildings. In terms of geothermal energy, the geothermal heat pumps prevails alongside the clean heating movement in China.
Based on the enablers such as IoT, cloud, edge computing, the digitalization of urban buildings develops in pace with that in cities. The revolutions in the key power sectors update the energy metering and communication infrastructure in urban buildings. The heat metering reform and smart electricity meter promotion equip the urban buildings with smart metering and sensing systems. On the other hand, the urban buildings have been included in the framework of the transitioning urban energy systems such as smart city, smart grid and ubiquitous power IoT. The urban buildings are expected to play more roles in these frameworks, such as active demand response participants, energy prosumers etc.
Discussion
During the course of decarbonization, decentralization and digitalization transition, the energy system of urban building need to be changed to suit its new functions. Besides the energy consumption devices in buildings for satisfying the occupants' various needs, three components might play important roles in the urban building energy system: distributed energy supply system, ESS and EMS [14] .
The distributed energy supplying system could largely improve the security of the local energy network, avoiding the energy supply failure during the blackout of public energy network. Moreover, the renewable energy source based distributed energy generations could be effective means to improve the penetration of renewable energy in the grid. Due to the intermittent nature of renewable energy, renewable generation is usually of great uncertainty. In an energy system with a high-penetration of renewable energy, the grid has to maintain a number of peak-adjusting mechanisms, such as spinning reserve and peak generation, to enhance the security. By employing distributed renewable generation, a large proportion of the intermittent renewable energy could be selfconsumed by the buildings, and thus avoid backfeeding to the grid.
The ESS could store energy for later use. Therefore, it could be used as an auxiliary system for distributed generation in order to stable the output power. Moreover, the ESS could bring economic benefits when is combined with flexible electricity tariff.
EMS is an indispensable part for transitioning urban buildings, without which the joint operation of the equipment will be inefficient and in some cases impractical. EMS is responsible for establishing an overall energy balance between the energy demands, distributed generations, ESSs and the grid. For an optimal match between intermittent renewable generation and variant building energy demands, EMS could prepare optimal schedules for the operation of flexible loads and ESS and compensate the temporal dislocation. This could help shave peaks and fill valleys of the net demand profiles of buildings and improve self-consumption of on-site renewable energy. EMS usually plays a role of bridging the building occupants and the city energy systems, intelligently implementing dynamic coordination and optimization while considering the benefits of various stakeholders.
Conclusions
The urban buildings provide citizens space for various activities, working, studying and residing and are vital to citizens' well-being. This work sought to contribute to our understanding of the ongoing energy transition of urban buildings. Through a qualitative data analysis, this work indicated that the decarbonization, decentralization and digitalization are the three main trends of the energy transition, corresponding to the conceptions of energy-efficient buildings, zero energy buildings and smart buildings. The work envisaged the necessary components for urban building energy system, including distributed energy supplying system, ESS and EMS. It is foreseeable that a close cooperation between the policy makers, energy engineers and architects would be necessary to advance the energy transition of urban buildings in China.
